[Purpose] The purpose of the present study was to evaluate the relationship between pulmonary function and the physical function and mobility of community-dwelling elderly women aged ≥75 years.
INTRODUCTION
An investigation that estimated the characteristics of population dynamics in Japan over the next 50 years reported that only the proportion of elderly individuals aged ≥75 years is expected to increase in the near future 1) . We have never experienced so great an aging of the population in our society which is facing a future of relatively fewer children as well as a decline in the population . Among the e l d e r l y p o p u l a t i o n a g e d ≥ 7 5 y e a r s , d e c l i n e s i n psychosomatic and vital functions frequently appear with aging. In particular, because women have a longer average life span, they will require healthcare for longer and the major reason for this is that the age-related changes in the muscular and skeletal systems are more remarkable in women than in men 2) .
Older individuals are severely affected with regard to the performance of activities of daily living (ADL) due to a decline in physical function [3] [4] [5] .
Many physiological functions deteriorate with increasing age, and pulmonary function is no exception. It is very important that we understand the physiological changes seen in the lungs with aging 10, 11) as pulmonary function deteriorates linearly with age 12) . Respiratory effort increases with age due to costochondral calcification. In addition, elastic tissues in the lungs, such as in the alveoli, are degraded and the lungs expand [13] [14] [15] . Therefore, although the total lung capacity remains unchanged, the residual volume increases with age [16] [17] [18] . Furthermore, the maximum expiratory and inspiratory muscular strengths deteriorate with increasing age [19] [20] [21] . In addition spirometric measurements have shown that both vital capacity (VC) and forced expiratory volume in 1 s (FEV1.0) decline with age [22] [23] [24] .
Functional disorders negatively affect physical function and mobility, and it is generally acknowledged that diminishing physical function and mobility influence the quality of life 25) . Studies of physical function of the elderly are becoming more important [6] [7] [8] [9] . Regarding the evaluation of the physical function of the elderly, diminished capabilities are commonly encountered in hand-grip strength, gait velocity, timed up-and-go (TUG) at a comfortable speed, and one leg standing time with eyes open. However, the contribution of pulmonary function to the decline in physical function has not been evaluated in any detail. As a result, the relationship between diminishing pulmonary function and physical function and mobility among the elderly population remains unclear.
The purpose of the present study was to evaluate the relationships between pulmonary function and physical function and mobility of community-dwelling elderly women aged ≥75 years.
SUBJECTS AND METHODS

Subjects
We performed systematic comprehensive mass health examinations for elderly women living in the community in order to devise new strategies to increase physical fitness and to prevent the need for long-term care 2) . The participants in the examinations conducted in November 2008 were women aged ≥75 years who were living in Itabashi-ku, Tokyo at that time. From among 1,289 women who provided consent, we included 1,022 women in the present study for whom complete data were available. For the examination, we invited each participant to a meeting and conducted a medical examination and verbal interview. After receiving an explanation of the nature of the study and evaluation methods, all subjects provided their informed consent to voluntarily participate. This study was approved by the Ethical Review Board of Tokyo Metropolitan Institute of Gerontology.
Methods
We measured VC and FEV1.0 by spirometry, and assessed physical function and mobility. We divided the participants by age into two groups (75-79 years and 80-84 years) and compared each measurement result between these groups to examine the influence of age. We also classifi ed pulmonary functional disorders roughly into four categories based on ventilatory characteristics: 1) Normal; 2) Narrowing of the bronchi, and obstructive ventilatory impairment with inadequate expiration; 3) Restrictive ventilatory impairment with inadequate air intake due to insuffi cient thoracic movement; and 4) A mixed type of the disorders described in 2) and 3). We used these categories to compare each measurement result and examined the influence of these pulmonary functional disorders on the results.
The technical characteristics of the instruments used in addition to the training of technicians are important for obtaining reliable results and for quality control of spirometry. Staff members were specifically trained and received lectures aimed at teaching and reviewing the rationale and practice of spirometric procedures. All pulmonary function tests used in the present study were performed in accordance with the prescribed guidelines 26) . Spirometry was performed using a Chest MI Spirometer (HI-801; Chest, Tokyo, Japan). Each study participant was informed about the methods used for measurements and was given an explanation of the procedures of the examination along with appropriate practice. Spirometric maneuvers were performed with the participants seated in a comfortable position, wearing a nose clip, and the participants expired air was fed to the spirometer via a mouthpiece. All technicians were instructed to perform a minimum of two maneuvers to ensure that the participants produced the highest possible peak fl ow rates. Participant's VC and FEV1.0 were measured after a rest period of several minutes between maneuvers. Satisfactory exhalation was considered to have been achieved if 1) there was no change in the exhaled volume (plateau on the volume-time curve) for 1 s after an exhalation time of at least 6 s, 2) there was a reasonable duration or plateau in the volumetime curve, or 3) the participant was unable to continue to exhale. The spirometer automatically made the following calculations. The participants also underwent tests for hand-grip strength, knee joint extension strength, comfortable and maximal gait velocities, TUG at comfortable and maximal speeds, and one-leg standing time with eyes open. We evaluated hand-grip strength of the dominant hand with a hand-held dynamometer (TKK5401, Hata Company) and isometric contraction of knee joint extension on the dominant side with a mechanical dynamometer (F1, Anima Company). To test knee joint extension strength, we asked the participants to extend the knee joint through 90 degrees to the best of their ability. To test walking velocity, we asked the participants to walk on a straight and flat walkway, 11 m in length, once at their usual speed and once again at their maximum speed. Walking velocity was measured over a 5 m distance between marks at 3 m and 8 m marked from the end of the walkway. To test TUG 27) , we asked participants to stand up from a chair, walk 3 m, turnaround and walk another 3 m, and then sit down on the chair. This task was performed once at the participants' usual speed and then again at their maximum speed. The TUG test was measured as a series of movements using a stopwatch. For the one leg standing time with eyes open, we asked participants to look straight ahead at a spot 1 m in front of them. We then asked them to stand on their preferred leg with their eyes open and hands dangling freely alongside their body. The time until balance was lost, up to a maximum of 60 s, was recorded. We used the better of two trials for analysis.
We used the Life-Space Assessment (LSA) as an index of mobility 28) . LSA is used to assess mobility associated with physical function, health condition, and instrumental ADL (IADL), which are necessary for evaluating the mobility of older individuals 29) . LSA is used to identify the distance over which a person reports moving during the 4 weeks prior to the assessment. The LS zones range from a person's bedroom to beyond their home town. Specific questions are: 1) "During the past 4 weeks, have you been to other rooms of your home besides the room where you sleep?" (level 1) 2) "During the past 4 weeks, have you been to an area immediately outside your home, such as your porch, deck, or patio, to the hallway of an apartment building, or garage?" (level 2) 3) "During the past 4 weeks, have you been to places in your immediate neighborhood, but beyond your own property or apartment building?" (level 3) 4) "During the past 4 weeks, have you been to places outside your immediate neighborhood but within your town?" (level 4) and 5) "During the past 4 weeks, have you been to places outside your immediate town?" (level 5) For each LS level, participants were asked how often they traveled to the particular area (<once a week, 1-3 times each week, 4-6 times each week, daily) and whether they needed assistance from another person or from an assistive device ("yes" or "no"). LSA was scored by assigning a value to each of the fi ve levels and then adding the scores of each level. The level scores were obtained by multiplying the level number (1-5) by a value for independence (2 = "no assistance," 1.5 = "use of equipment only," 1 = "use of another person and/or equipment") further multiplied by a value for the frequency of movement (1 = once a week, 2 = 1-3 times each week, 3 = 4-6 times each week, and 4 = daily) The LSA scores ranges from 0 ("totally bed-bound") to 120 ("traveled out of town every day without assistance").
Data on ADL were collected by interviewing the participants. IADL was assessed using a subscale of the Tokyo Metropolitan Institute of Gerontology index of competence, which contains five questions concerning "Instrumental self-maintenance" (shopping for daily living, preparing meals, paying bills, managing bank deposits and savings, and utilizing public transportation) 30) . The response to each item is "yes" (able to do) or "no" (unable). The total score is the number of items answered with a "yes." Thus, a higher score indicates a higher functional capacity.
Data were analyzed using SPSS software (Version 10.4; SPSS Inc., Chicago, IL).
The subjects were divided into two age groups: 75-79-year-olds and 80-84-year-olds. We used a χ 2 test to compare certifi cations of need for long-term care, presence of disease, IADL, and LSA, and non-paired t-tests to compare other variables.
We classified pulmonary functional impairments into four categories based on ventilatory characteristics. Obstructive ventilatory impairment (OVI) was defined as %FEV1.0 < 70%, restrictive ventilatory impairment (RVI) as %VC < 80%, combined ventilatory impairment (CVI) as %FEV1.0 < 70% and %VC < 80%, and normal ventilatory capacity (NVC) as %FEV 1.0 ≥ 70% and %VC ≥ 80%. We compared the characteristics, the physical function, and mobility between the ventilatory function categories by one-way analysis of variance (ANOVA). When ANOVA indicated a signifi cant effect, we used the Bonferroni post hoc test.
A p-value of <0.05 was considered to indicate statistical signifi cance. Table 1 presents the subject characteristics of the study participants. The height, body weight and grip strength of the subjects were similar to the national average 31) . Accordingly, there was no regional deviation from the Table 2 presents the results of physical functions and mobility tests and Table 3 shows the pulmonary function results. For all the measured variables in these tables, the group aged 80-84 years showed significantly inferior results compared to the group aged 75-79 years (p<0.01).
RESULTS
Ta b l e 4 l i s t s t h e p a r t i c i p a n t s ' p h y s i o l o g i c a l characteristics and the results of mobility assessments determined according to ventilatory function categories. Ventilatory function did not signifi cantly affect the subject' physiological characteristics or mobility. Table 5 presents the results of the physical function tests as per ventilatory function category. Ventilatory function had statistically signifi cant effects on the physical function as evidenced by one-way ANOVA. From the results of post hoc tests, the ventilatory disorder categories of RVI and CVI were found to be signifi cantly associated with worse outcomes than the NVC and OVI disorder categories for many of the physical results.
DISCUSSION
Medical examinations of the elderly individuals generally serve the purpose of a screening examination for geriatric syndrome involving physical function, mobility, cognitive ability, and nutritional status. It has been hypothesized that the clinical deterioration of physical function and mobility are associated with pulmonary functional disorders. However, very few measurement variables for elucidating the functional integrity of the cardiac and pulmonary systems are known. In recent years, Table 3 . Pulmonary function of study subjects it has been reported that chronic obstructive pulmonary disease, which requires treatment by spirometry, occurs at a considerably high frequency in middle and old-aged residents of Japan 32) . Consequently, the use of spirometry for the elderly population has been promoted; however, the actual optimal state of pulmonary function in the elderly and relationships between pulmonary function and physical function and mobility remain unclear. Many studies have reported that pulmonary function declines with increasing age, and the rate of decline is accelerated among those of advanced aged 23) . However, Pfi tzenmeyer et al. found that individuals in the advanced age population who demonstrated good pulmonary function were stronger and generally survived for a longer time 24) . Our results, like many other studies, indicate that advanced age as well as diminished physical function and mobility are associated with inferior (declining) pulmonary function.
Pulmonary function is related to exercise tolerance 33) and nutritional status 34, 35) . However, we do not agree with the opinion that a relationship exists between pulmonary function and mobility 36, 37) . Our results did not demonstrate a clear relationship between pulmonary function and mobility. According to Kazuhide et al., even if pulmonary function deteriorates in the elderly, it does not have an immediate influence on mobility 38) . Further, Carlos et al. reported that pulmonary function could predict the possibility of future health problems and possibly death 39) . A restrictive ventilatory disorder is dependent on thoracic fl exibility that is associated with ventilatory and respiratory muscular strength, both of which are susceptible to aging; it is believed that this infl uences mobility at some point in the future. The results of our study suggest that diminished pulmonary function is related to the physical function that support mobility. As for clinical implications, our results offer significant value for promoting preventive care. However, the group afflicted with OVI was not different from the group with NVC. For this reason, we believe that 65% of those with mild disease severity have RVI 40) .
An age-stratified study model must be used to clarify whether diminished pulmonary function influences mobility. In addition, males should also be included because the rates of decline of pulmonary function and physical function show sex differences. We can also prevent the decline of pulmonary function by certain specific interventions; however, we must clarify whether these measures would improve or maintain mobility. In this way, we may be able to contribute to a reduction in medical costs and improvements in the quality of life of the elderly.
